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INTRODUCTION 


Although  shaped  charge  jet  mass  and  momentum  characteristics  can  be  accurately 
simulated  and  tailored  using  high  rate  continuum  modeling,  the  subsequent  break-up  of  a 
shaped  charge  jet  is  currently  simulated  using  empirically  based  models.  These  models  are 
used  to  predict  jet  break-up  time,  jet  length,  and  jet  penetration  capability.  Shaped  charge 
warheads  are  designed  using  the  hydrocode  simulation  and  subsequently  tested,  and  flash 
radiographs  of  the  shaped  charge  are  obtained.  Flash  radiograph  data  are  essential  to  shaped 
charge  design  for  determination  of  the  jet  characteristics,  which  are  not  readily  available  from 
the  hydrocode  simulation  results.  In  order  to  quantify  the  results  of  these  warheads,  the  flash 
radiograph  digitization  of  shaped  charge  jets  are  done  to  provide  warhead  designers  with  the 
data  required  for  these  empirically  based  models.  The  quantified  results  of  the  jet  characteriza¬ 
tion  are  also  used  for  comparison  with  high  rate  continuum  modeling  performed  during  warhead 
design  optimization  with  different  liner  contours,  explosives,  and  liner  materials. 


DIGITIZATION  FOR  FLASH  RADIOGRAPHS  OF  SHAPED  CHARGE  JET 

Since  a  shaped  charge  jet  tip  goes  faster  than  its  rear,  the  jet  stretches  and  eventually 
breaks  up.  Typically,  shaped  charge  jet  radiographs  are  taken  at  least  20  charge  diameter 
distance  to  allow  time  for  the  jet  to  break  up.  Flash  radiographs  are  normally  taken  so  that  the 
tip  of  the  jet  is  captured  in  the  earliest  time,  and  the  particles  with  velocities  around  3  km/s  were 
captured  in  the  latest  film.  Other  flash  radiographs  are  taken  between  these  times  to  capture  the 
middle  part  of  the  jet.  The  jet  images  are  laid  on  the  digitized  tablet  and  the  entire  jet  is 
digitized.  Typical  flash  x-rays  are  shown  in  figure  1. 


Figure  1 

Typical  x-ray  of  a  shaped  charge  jet 
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Naming  and  Numbering  Convention 


Films  are  named  from  the  earliest  to  the  latest  times:  AE ,  AL,  B,  and  C.  The  tip  particle  is 
numbered  as  1  and  continued  to  the  end  of  the  jet. 

Film  Digitization 

Using  the  typical  films  as  shown  in  figure  1,  the  digitization  scheme  is  as  follows: 


Particles  1  to  43  in  film  B  are  digitized  for  eight  points  for  each  particle. 

From  particles  44  to  58,  only  1  point  is  digitized  (fig.  2). 

In  film  C,  eight  points  for  each  particle  are  digitized  for  all  particles  from  44  to 
93. 

In  film  Ae  and  A,  ,  only  the  tips  (one  point  each)  are  digitized. 


Note  that  the  eight  point/one  point  digitization  scheme  is  done  to  reduce  the  digitization  time. 
Alternately,  eight  points  can  be  taken  for  every  particle  in  films  B  and  C  and  the  average  values 
can  be  taken. 


1  point  digitized 


8  points  digitized 


Figure  2 

Digitizing  scheme  of  jet  particles 


Interpolation  and  Extrapolation 

A  shaped  charge  jet  is  typically  very  long  compared  to  the  x-ray  films,  especially  in  larger 
shaped  charge  warheads.  Therefore,  only  the  tip  portion  of  the  jet  is  shown  on  film  B  and  the 
rear  portion  is  on  film  C,  with  a  few  common  particles  in  both  films.  In  this  example,  the  velocity 
of  the  tip  was  determined  by  the  films  AE  and  AL .  The  velocities  of  particles  44  to  58  are  also 
known  from  films  B  and  C,  but  the  velocities  of  the  rest  of  the  particles  are  determined  by  the 
interpolation  (particles  2  to  43)  and  extrapolation  (particles  59  to  93)  based  on  their  positions. 
Both  interpolation  and  extrapolation  methods  are  fitted  to  the  first  order  equation  and  based  on 
the  virtual  origin  theory  (ref.  1). 

Films  Longer  Than  the  Digitized  Tablet 

Some  films  are  longer  than  the  digitized  tablet.  In  this  case,  the  computer  code  asks  for 
the  references  A  and  B.  The  film  is  then  slid  to  the  left,  until  point  B  coincides  with  point  A,  and 
digitized  until  the  end  of  the  film  (figure  3).  This  allows  for  film  digitization  of  longer  than  the 
tablet.  The  code  will  automatically  keep  track  of  the  references  and  update  the  new  positions  of 
the  jet  particles. 
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The  code  will  automatically  keep  track  of  the  references  and  update  the  new  positions  of 
the  jet  particles. 


HARDWARE 

The  films  are  digitized  using  CALCOMP  model  9500  digitizing  tablet.  It  has  the  resolution 
of  0.25  x  10'3  in.,  accuracy  of  ±  0.003  in.  and  about  6  ft  in  length.  The  digitized  tablet  is 
connected  to  a  computer  via  a  serial  com  port.  Films  are  placed  and  taped  in  place.  A  digital 
input  device  was  placed  on  the  film  and  manually  recorded  the  data. 


COMPUTER  CODE 

The  digitization  code  consists  of  two  programs.  Both  were  written  in  VISUAL  BASIC, 
version  6.  The  first  program  digitizes  the  jet  radiographs  into  x,  y  coordinates  and  the 
references,  and  writes  these  data  to  an  output  file  named  AP_FILE.TXT.  The  sample  file  is 
included  in  the  appendix.  The  second  program  reads  this  file  in  addition  to  the  input  entered  in 
figure  4  and  calculates  the  jet  parameters. 

Input  Parameters 

Input  parameters  are  required  to  be  filled  in  as  shown  in  figure  4. 

•  X-ray:  Enter  x-ray  number  (information  purpose) 
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XRAY-  (nhmT 


Scale  Factor.  A  early  Pcf 
Scale  Factor.  A  late  [J 
Scale  Factor  B  HT 
Scale  Factor.  C  [9" 


Last  portide  tn  B 
First  porticl®  in  C 
Lasi  particle  in  C 


58 

44 

9? 


Copper,  den  8  93  g/cc 
Moty  den  10  20  g/cc 


EMei  derrcrv 


Time  A  early  (us) 
Time  A  late  (us) 
Time  B  (us) 

Time  C  (us) 


Warhead  Configuration 
F  With  body 

F  Wave  Shaper 
Sue  (mm)fT65 


Figure  4 
Input  screen 

•  Scale  factors  AE ,  A,  ,  B,  and  C:  Images  on  the  x-ray  films  are  larger  than  the 
particles.  Therefore,  the  measurements  are  adjusted  to  the  scale  factor.  A 
rod  with  knots  with  known  distance  is  placed  in  the  shot  line  and  an  image 
taken  prior  to  detonating  the  warhead.  Scale  factor  of  film  B,  for  example,  is 
equal 


sfb  = 


disRod 

disMeasured 


where 

disRod  is  the  known  distance  on  rod,  usually  50  mm 
disMeasured  is  the  measured  distance  on  x-ray  B 

•  Last  particle  in  B,  first  particle  in  C,  last  particle  in  C:  In  this  example,  they  are 
58,  44,  93,  respectively. 

•  Liner  material:  Liner  material  is  chosen  by  selecting  in  the  menu,  or  it  can  be 
chosen  as  “other”,  in  which  case,  density  in  g/cm3  is  entered  in  the  box. 

•  Time  AE ,  AL,  B,  C:  Enter  times  of  AE,  AL,  B,  and  C  films. 
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•  Warhead  configuration:  This  is  for  informational  purposes  only.  Click  on 
the  appropriate  boxes  and  enter  the  size  of  the  warhead. 

Output  Parameters 

The  code  provides  both  tabulated  tables  of  particle  angles,  maximum  and  average  jet 
diameters,  velocities,  accumulated  mass,  accumulated  length,  accumulated  energy,  break  up 
times,  ductility  factor  numbers  (Q),  average  breakup  time,  average  Q  factor  as  well  as  plots  of 
accumulated  length  versus  velocity,  accumulated  mass  versus  velocity,  accumulated  energy 
versus  velocity,  Q  versus  velocity,  and  breakup  time  versus  velocity. 

Calculation 

Nomenclatures 


*t  = 

x  coordinate  of  early  A  film 

A  = 

x  coordinate  of  late  A  film 

Vt  = 

Jet  tip  velocity 

h 

Average  break  up  time  (ps) 

h(y)  = 

Breakup  time  as  a  function  of  V 

ii 

Scaled  factor  of  early  film  in  A 

II 

Scaled  factor  of  late  film  in  A 

II 

bT 

Scaled  factor  of  film  B 

n 

& 

Scaled  factor  of  film  C 

ii  ■ 

Accumulated  jet  length  (cm) 

i«  * 

Accumulated  jet  mass  (g) 

z*- 

Accumulated  energy  (KJ) 

m  • 

Accumulated  jet  length  as  a  function  of  V 

m(v)  = 

Accumulated  jet  mass  as  a  function  of  V 

L,  = 

length  of  a  jet  particle  =  jc5-at, 

= 

mass  of  a  jet  particle 

E,  = 

energy  of  a  jet  particle 

AV  = 

Difference  of  tip  and  tail  velocity  (cm/ps) 

Q  = 

Average  ductility  number  ( cm'n /js'n gyi ) 

Q{V)  = 

Instantaneous  ductility  number  as  a  function  of  V 

a  = 

angle  of  jet  particle  (deg) 

P  ~ 

density  (g/cm3) 

Vol  = 

Volume  of  a  jet  particle  (cm3) 

*  = 

average  jet  particle  diameter 

<Lx  = 

maximum  jet  particle  diameter 

x5 

x  coordinate  of  point  5  of  a  particle 
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x,  =  x  coordinate  of  point  1  of  a  particle 

y]  =  y  coordinate  of  point  1  of  a  particle 

=  y  coordinate  of  point  5  of  a  particle 

Jet  Velocity 

Jet  velocity  of  the  tip  ( VT )  is  calculated  by  taking  the  coordinates  of  the  tips  in  films 

ae  and  Al  . 


yT= 


AeSFa,  -  AlSFa, 


tL-*E 


Since  there  is  no  information  available  for  particles  2  to  43  to  calculate  the  velocities 
for  these  particles,  the  velocities  are  interpolated  based  on  the  known  positions  of  these  tips.  In 
this  example,  particles  1  and  44  to  58,  in  film  B,  are  used  to  find  the  position  as  a  function  of 
velocity.  A  first  order  fit  is  used  to  find  the  missing  velocities  based  on  their  positions.  Similarly, 
velocities  of  particles  59  to  93  are  extrapolated  using  the  function  fitted  by  particles  44  to  58 
based  on  film  C. 


Axes  Transformation 

Since  many  particle  orientations  in  a  shaped  charge  jet  are  not  lined  up  with  the 
digitizer  axis,  axis  transformation  is  used  such  that 

x'  =  x  cos  a  +  y  sin  a 
y  =  v cos a-y  sin  a 


where 


a  =  tan 


~  v. 


The  particle  lengths  and  mass  use  the  transformed  axis. 
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Accumulated  Length  versus  Velocity  (fig.  5) 

Accumulated  length  is  calculated  for  breakup  time.  Lengths  of  particles  1  to  43,  in 
film  B  in  figure  1 ,  are  added  by  taking  the  difference  of  x  coordinates  of  point  5  and  point  1  of 
each  particle  (the  other  points  are  used  subsequently  for  volume  calculation).  The  same 
scheme  is  applied  for  film  C  where  lengths  of  particles  44  to  93  are  added  to  the  previous 
accumulated  length  in  film  B. 

particle  43  particle  93 

I>=  IX+  IX 

particle  1  particle  44 

Film  B  Film  C 

The  accumulated  length  is  then  fitted  to  the  second  order  with  the  velocity. 

X  Ray  ^IHNI-2 


VEL  VS  ACC  LENGTH  OF  NHN1-2  WITH  BODY  WITH  WAVE  SHAPER  165MM  (CHARGE  DIA.) 


Figure  5 

Accumulated  length  versus  velocity 
Accumulated  Mass  versus  Velocity  (fig.  6) 

Jet  mass  is  also  calculated  to  find  the  kinetic  energy  of  the  jet  for  the  penetration 

calculation. 


Volumes  of  particles  1  to  43  in  film  B  in  figure  1  are  added  by  taking  the  x  and  y 
coordinates  of  points  1  through  8  of  each  particle.  The  same  scheme  is  applied  for  film  C  where 
volumes  of  particles  44  to  93  are  added  to  the  previous  accumulated  volume. 
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X  Ray 


IHN1-2 


VEL  VS  ACC  MASS  OF  NHN1-2  WITH  BODY  WITH  WAVE  SHAPER  165MM  (CHARGE  DIA ) 


0.4  0.5  0  6  0.7  0  8  0  9  1.0 

VELOCITY  (cm/us) 


Figure  6 

Accumulated  mass  versus  velocity 

Assuming  the  round  cross  section,  the  volume  of  a  particle  is  calculated  based  on 
the  eight  points  digitized.  The  top  curve  [^(x)],  is  composed  of  five  points,  from  1  to  5,  and  the 

bottom  curve  [/2(x)],  is  also  composed  of  five  points  with  point  1  and  5  as  in  the  top  curve  and 
points  6,  7,  and  8  (fig.  7)  as  the  bottom  curve.  These  curves  are  fitted  to  the  second  order 
equations,  where  fx  ( x ) = axx 2  +  bxx  +  c,  and  f2  (x) = a2x2  +  b2x  +  cc .  Let 


A A  =  ax  - a2 ,  AB  =  bx  -b2,AC  =  cx  -c2 

x 5 

Vol  =  J—  (a Ax2  +  A Bx  +  A  cj  dx 


A A2  5  AAAB  4  2AAAC  +  AB2  3 

- x  + - x4  + - x3  +  ABACx2  +  A  C2x 

5  2  3 
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f  1<x) 


and 


1 


Figure  7 

Volume  calculation 


Mp  =  pVol 

particle  43  particle  93 

ZA/=  IX +  IX 

particle  1  particle  44 

Film  B  Film  C 

The  accumulated  mass  is  then  fitted  to  the  second  order  with  the  velocity  to  find  M(V)  for 
subsequent  calculations. 

Accumulated  Energy  versus  Velocity  (fig.  8) 


particle  43  i  particle9i  i 

I  V*  I 

particle  1  ^  particle 44  ^ 

Film  B  Film  C 

Break  Up  Time  versus  Velocity  (fig.  9) 

Average  breakup  time  and  instantaneous  breakup  time  are  calculated  based  on  the 
accumulated  length.  Breakup  time  predicts  the  jet  penetration  performance  because  penetra¬ 
tion  performance  is  reduced  if  the  jet  breaks  up  too  early. 

Average  and  instantaneous  breakup  times  are  estimated  below 


- 


A  V 


t(v)=  — 

A  ’  dV 
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VEL  VS  ACC  ENERGY  OF  NHN1-2  WITH  BODY  WITH  WAVE  SHAPER  165MM  (CHARGE  DIA ) 


Figure  8 

Accumulated  energy  versus  velocity 


X  Ray 


VEL  VS  BREAKUP  TIME  OF  NHN1-2  WITH  BODY  WITH  WAVE  SHAPER  165MM  (CHARGE  DIA.) 


Figure  9 

Breakup  time  versus  velocity 
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Jet  Ductility  Number  Q  (fig.  10) 


Both  average  jet  ductility  and  instantaneous  numbers  are  estimated  next.  The 
ductility  number  is  of  great  interest  because  it  shows  the  correlation  of  the  jet  performance  with 
increased  Q  number.  Reference  2  shows  the  relationship 


Q=h 


„  \Vi 
7t\V 


y  m 


P  J 


1  dM 
n  dV 


y</3 


X  Ray 


NHN1-2 


VEL  VS  Q  OF  NHN1-2  WITH  BODY  WITH  WAVE  SHAPER  165MM  (CHARGE  DIA.) 


Figure  10 
Q  versus  velocity 

Maximum  Jet  Diameter  and  Average  Jet  Diameter 

Jet  diameter  information  provides  a  quick  look  on  how  well  the  jet  performs  in 
penetration  and  other  calculations  for  jet  properties  (ref.  2). 
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=/Ax)-fAx) 


where 


_  x.+x. 

x  =  — - = 


The  average  jet  diameter  is  estimated  based  on  the  assumption  of  the  jet  particle  being  a 
cylinder.  Hence 


where 


L,=* 5-*> 


DISCUSSIONS 

Table  1  shows  the  tabulated  form  of  the  output  from  the  code.  The  output  lists  all  the  jet 
parameters  of  interest.  Note  that  particle  0  is  the  tip  velocity,  which  is  taken  from  the  earlier 
films  (films  AE  and  AL ),  and  particle  1  uses  this  value.  (In  case  only  one  A  film  is  available,  the 
tip  velocity  is  taken  from  films  A  and  B).  Results  from  digitized  data  are  compiled  over  the  years 
for  various  liner  materials  and  sizes.  Tables  2  through  4  show  the  average  Q  values  for  copper, 
molybdenum,  and  tungsten,  respectively.  Although  the  average  Q  value  varies  with  different 
configurations  such  as  with  a  wave  shaper,  or  with  the  body,  or  with  different  explosive,  it  is 
higher  with  copper  than  with  molybdenum  or  tungsten  liners. 

Table  1 

Digitization  output 


Test  Number  NHN 1-2 

Density  10.49  g/cm3 

The  scale  factor  of  A  (EARLY)  film:  0.9 

The  scale  factor  of  A  (LATE)  film:  0.9 

The  scale  factor  of  B  film:  0.9 

The  scale  factor  of  C  film:  0.9 

Last  particle  in  film  B:  58 

First  particle  in  film  C:  44 

Last  particle  in  film  C:  93 

Early  time  A:  701 .9  ps  (micro-seconds) 

Late  time  A:  732  |as 

Time  B:  701.9  f^s 

Time  C:  1001.5  ^s 
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Table  1 
(continued) 


No. 

Angle 

(deg) 

Diameter  (cm) 

Velocity 

(cm/jis) 

Acc.  length 
(cm) 

Acc.  Mass 
(9)  , 

Acc.  Energy 
(KJ)  ' 

Breakup 

4*s) 

Q 

Max. 

Min. 

0 

N/A** 

N/A** 

N/A** 

0.903 

N/A** 

N/A** 

N/A** 

N/A** 

N/A** 

1 

36 

0.48 

0.35 

0.903 

0.598 

0.606 

25.13 

156.1 

34.1 

2 

-59 

0.16 

0.11 

0.897 

1.232 

0.685 

27.89 

160.7 

35.0 

3 

-25 

0.13 

0.10 

0.895 

1.829 

0.729 

29.68 

162.6 

35.4 

4 

12 

0.40 

0.30 

0.888 

3.309 

1.802 

71.95 

168.1 

36.5 

5 

11 

0.78 

0.57 

0.877 

4.536 

5.098 

198.68 

176.5 

38.2 

6 

46 

1.31 

0.98 

0.864 

6.138 

17.694 

669.11 

186.4 

40.2 

7 

2 

0.86 

0.63 

0.855 

8.281 

24.653 

923.67 

193.3 

41.6 

8 

-49 

0.47 

0.34 

0.845 

9.457 

25.775 

963.68 

201.7 

43.3 

9 

30 

0.25 

0.19 

0.842 

10.974 

26.225 

979.62 

203.9 

43.7 

10 

-15 

0.78 

0.58 

0.865 

12.219 

29.641 

1,098.67 

209.2 

44.7 

11 

36 

0.74 

0.55 

0.826 

14.054 

34.166 

1,253.00 

216.2 

46.1 

12 

4 

0.92 

0.69 

0.814 

14.824 

37.173 

1,352.75 

225.1 

47.8 

13 

49 

0.45 

0.33 

0.811 

15.702 

37.972 

1,378.99 

227.9 

48.4 

14 

-47 

0.54 

0.39 

0.807 

16.713 

39.258 

1,420.91 

230.7 

48.9 

15 

52 

0.52 

0.38 

0.804 

17.594 

40.319 

1,455.17 

233.5 

49.5 

16 

-18 

0.63 

0.47 

0.799 

18.970 

42.783 

1,533.82 

237.0 

50.1 

17 

-14 

0.70 

0.51 

0.795 

20.002 

44.989 

1 ,603.56 

240.0 

50.7 

18 

3 

0.71 

0.53 

0.788 

21.332 

48.085 

1,699.58 

246.0 

51.8 

19 

-10 

0.49 

0.37 

0.780 

22.780 

49.702 

1,748.80 

251.6 

52.9 

20 

36 

0.42 

0.31 

0.772 

24.260 

50.887 

1,784.11 

258.0 

54.1 

21 

27 

0.53 

0.39 

0.767 

25.061 

51.875 

1,813.16 

262.2 

54.9 

22 

-12 

0.47 

0.34 

0.763 

26.239 

53.018 

1 ,846.43 

264.9 

55.4 

23 

60 

0.25 

0.19 

0.758 

26.879 

53.199 

1,851.63 

268.6 

56.1 

24 

42 

0.61 

0.45 

0.758 

27.913 

54.902 

1 ,900.54 

269.1 

56.2 

25 

-27 

0.54 

0.39 

0.753 

29.047 

56.346 

1,941.50 

272.6 

56.9 

26 

-30 

0.49 

0.36 

0.748 

30.829 

58.278 

1,995.54 

276.7 

57.6 

27 

1 

0.70 

0.53 

0.745 

31.391 

59.601 

2,032.26 

279.1 

58.1 

28 

-22 

0.80 

0.60 

0.742 

31.807 

60.827 

2,065.97 

281.7 

58.6 

29 

29 

0.55 

0.40 

0.741 

33.053 

62.479 

2,111.29 

282.2 

58.7 

30 

-1 

0.47 

0.35 

0.734 

35.610 

65.002 

2,179.32 

287.3 

59.6 

31 

4 

0.47 

0.35 

0.727 

36.107 

65.512 

2,192.83 

292.7 

60.6 

32 

4 

0.50 

0.37 

0.726 

37.720 

67.324 

2,240.60 

293.6 

60.8 

33 

-1 

0.50 

0.37 

0.717 

41.163 

71.245 

2,341.44 

300.6 

62.1 

34 

-1 

0.50 

0.36 

0.705 

42.636 

72.852 

2,381.40 

309.9 

63.8 

35 

0 

0.29 

0.21 

0.703 

43.180 

73.054 

2,386.39 

311.8 

64.1 

36 

6 

0.49 

0.36 

0.701 

45.525 

75.563 

2,448.03 

313.3 

64.4 

37 

7 

0.44 

0.32 

0.694 

46.828 

76.675 

2,474.76 

319.0 

65.5 

38 

31 

0.47 

0.35 

0.689 

48.101 

77.957 

2,505.20 

322.3 

66.1 

39 

2 

0.43 

0.32 

0.687 

49.734 

79.319 

2,537.32 

324.3 

66.4 

40 

18 

0.46 

0.34 

0.683 

51.016 

80.527 

2,565.52 

327.0 

66.9 

41 

-11 

0.53 

0.39 

0.677 

52.947 

82.961 

2,621.31 

331.7 

67.8 

42 

-58 

0.22 

0.17 

0.671 

53.373 

83.062 

2,623.57 

336.6 

68.6 

43 

-1 

0.51 

0.38 

0.669 

56.455 

86.643 

2,703.68 

338.2 

68.9 

44 

-5 

0.68 

0.50 

0.660 

56.974 

87.698 

2,726.63 

345.3 

70.2 

45 

0 

0.51 

0.38 

0.656 

60.145 

91.401 

2,806.41 

347.8 

70.7 

46 

10 

0.50 

0.37 

0.647 

61.443 

92.864 

2,837.05 

355.0 

71.9 

47 

13 

0.34 

0.25 

0.649 

62.088 

93.203 

2,844.18 

353.5 

71.7 

48 

-26 

0.34 

0.25 

0.649 

62.088 

93.203 

2,844.18 

353.5 

71.7 

49 

0 

0.42 

0.31 

0.638 

65.572 

96.282 

2,907.39 

361.9 

73.2 

50 

-7 

0.45 

0.33 

0.636 

67.920 

98.451 

2,951.28 

363.5 

73.5 

51 

15 

0.46 

0.34 

0.633 

69.544 

99.966 

2,981.63 

366.1 

73.9 

52 

-6 

0.44 

0.32 

0.626 

71.987 

102.065 

3,022.78 

371.3 

74.8 
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Table  1 
(continued) 


No. 

Angle 

(deg) 

Diameter  {cm) 

Velocity 

(cm/ns) 

Acc.  length 
(cm) 

Acc.  Mass 

(g) 

Acc.  Energy 
(KJ) 

Breakup 

(r»s) 

Q 

Max. 

Min. 

53 

-6 

0.42 

0.31 

0.618 

74.537 

104.074 

3,061.14 

377.6 

75.9 

54 

-1 

0.42 

0.31 

0.614 

77.726 

106.604 

3,108.89 

380.5 

76.4 

55 

3 

0.38 

0.28 

0.610 

80.513 

108.423 

3,142.69 

384.2 

77.1 

56 

4 

0.42 

0.31 

0.606 

81.578 

109.256 

3,157.96 

387.2 

77.6 

57 

3 

0.38 

0.28 

0.602 

84.490 

111.165 

3,192.59 

389.8 

78.1 

58 

-7 

0.38 

0.28 

0.595 

86.387 

112.399 

3,214.44 

395.3 

79.0 

59 

17 

0.35 

0.28 

0.591 

88.042 

113.462 

3,232.99 

398.9 

79.7 

60 

51 

0.34 

0.25 

0.587 

89.165 

114.036 

3,242.88 

401.8 

80.2 

61 

5 

0.40 

0.30 

0.583 

92.906 

116.754 

3,289.05 

404.9 

80.7 

62 

16 

0.45 

0.33 

0.575 

94.247 

117.955 

3,308.92 

410.8 

81.7 

63 

-1 

0.47 

0.35 

0.573 

95.768 

119.450 

3,333.42 

413.0 

82.1 

64 

3 

0.43 

0.31 

0.568 

97.667 

120.999 

3,358.38 

416.7 

82.7 

65 

0 

0.51 

0.37 

0.561 

100.305 

124.030 

3,406.15 

421.6 

83.6 

66 

-10 

0.50 

0.37 

0.556 

102.216 

126.165 

3,439.17 

425.7 

84.3 

67 

-10 

0.42 

0.31 

0.552 

103.276 

126.993 

3,451.78 

429.0 

84.9 

68 

7 

0.41 

0.30 

0.550 

104.515 

127.939 

3,466.07 

430.6 

85.1 

69 

8 

0.10 

0.30 

0.546 

106.987 

129.752 

3,493.05 

433.9 

85.7 

70 

6 

0.47 

0.31 

0.538 

108.972 

129.752 

3,493.05 

433.9 

85.7 

71 

6 

0.41 

0.30 

0.536 

110.726 

132.965 

3,539.50 

441.0 

86.9 

72 

-6 

0.47 

0.34 

0.529 

112.052 

134.253 

3,557.54 

446.5 

87.8 

73 

-20 

0.39 

0.29 

0.527 

113.183 

135.016 

3,568.11 

448.6 

88.2 

74 

-1 

0.47 

0.34 

0.525 

114.689 

136.489 

3,588.39 

450.1 

88.4 

75 

6 

0.49 

0.36 

0.522 

116.621 

138.522 

3,616.05 

452.5 

88.8 

76 

-3 

0.40 

0.30 

0.517 

118.164 

139.630 

3,630.89 

455.8 

89.4 

77 

-1 

0.50 

0.37 

0.511 

122.252 

144.137 

3,689.80 

460.5 

90.2 

78 

3 

0.44 

0.32 

0.501 

124.719 

146.253 

3,716.37 

468.4 

91.5 

79 

-2 

0.49 

0.36 

0.494 

127.386 

149.029 

3,750.30 

473.6 

92.4 

80 

-7 

0.53 

0.39 

0.489 

129.417 

151.522 

3,780.09 

478.0 

93.1 

81 

-8 

0.46 

0.35 

0.482 

131.712 

153.733 

3,805.77 

483.3 

94.0 

82 

-21 

0.60 

0.44 

0.477 

133.712 

156.895 

3,841.77 

487.0 

97.6 

83 

1 

0.49 

0.36 

0.471 

136.606 

159.960 

3,875.71 

492.1 

95.5 

84 

1 

0.45 

0.33 

0.467 

139.521 

162.590 

3,904.41 

494.8 

95.9 

85 

1 

0.63 

0.46 

0.461 

141.477 

165.972 

3,940.37 

499.4 

96.7 

86 

-35 

0.49 

0.36 

0.457 

142.714 

167.287 

3,954.10 

502.8 

97.2 

87 

-7 

0.59 

0.44 

0.454 

145.185 

171.186 

3,997.28 

505.0 

97.6 

88 

-8 

0.59 

0.43 

0.450 

146.712 

173.529 

4,018.06 

507.7 

98.0 

89 

-18 

0.44 

0.33 

0.446 

148.225 

174.850 

4,031.22 

510.8 

98.6 

90 

-6 

0.59 

0.44 

0.444 

150.465 

178.394 

4,066.14 

512.9 

98.6 

91 

-5 

0.92 

0.68 

0.438 

154.041 

191.917 

4,196.05 

517.2 

99.6 

92 

6 

0.20 

0.15 

0.434 

154.673 

192.031 

4,197.13 

520.5 

100.1 

93 

2 

0.94 

0.70 

0.428 

161.019 

217.844 

4,433.60 

525.2 

100.9 

**  Tip  velocity  is  based  on  earlier  times  on  film  A. 
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Table  1 
(continued) 


Test  Number  NHN 1-2 
Last  particle  of  B  is  58 
First  particle  of  C  is  44 
Last  particle  of  C  is  93 

Coefficient  VEL  (cm/us)  and  Position  of  B  (in) 
where  VEL  =  bO  +  b1*x 
b0=  1.004 
bl  =  -0.005 

Coefficient  VEL  (cm/us)  and  Position  of  C  (in) 

where  VEL  =  bO  +  b1*x+b2‘xA2 

bO  =  0.664 

bl  =  -0.003 

b2  =  0.000 

RA2  =  0.998 

Coefficient  Acc  Length  (cm)  and  VEL  (cm/us) 
where  Acc  Length  =  bO  +  b1*VEL+b2*VELA2 
bO  =  456.428 
bl  =  -857.592 
b2  =  388.310 
RA2  =  0.998 

tbreak  =857.592+-776.62  *VEL 

Coefficient  Acc  Mass  (gram)  and  VEL  (cm/us) 
where  Acc  Mass  =  bO  +  b1*VEL+b2*VELA2 
b0  =  400.1 10 
bl  =-571.148 
b2  =  149.635 
RA2  =  0.989 

d(Acc  Mass)/dVEL=  299.27  ‘VEL+-571.148 
Breakup  time  =  338.85us 
Qave  =  64.36 
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Table  2 

Average  Q  values  for  copper  lined  devices 


X-ray  no. 

Liner 

Explosive 

Tip  velocity  (cm/ns) 

Q 

215 

copper 

LX- 14 

0.9 

67 

216 

copper 

LX- 14 

0.903 

66 

236 

copper 

Octol  70/30 

0.85 

60 

237 

copper 

Octol  70/30 

0.852 

57 

239 

copper 

Octol  70/30 

0.858 

74 

290 

copper 

Octol  70/30 

0.84 

64 

291 

copper 

Octol  70/30 

0.841 

76 

292 

copper 

Octol  70/30 

0.849 

70 

293 

copper 

TNAZ 

0.887 

68 

312 

copper 

Octol  70/30 

0.427 

53 

313 

copper 

Octol  70/30 

0.296 

54 

315 

copper 

LX- 14 

0.912 

64 

316 

copper 

LX- 14 

0.894 

67 

317 

copper 

LX- 14 

0.882 

70 

318 

copper 

LX- 14 

0.905 

65 

319 

copper  | 

Octol  70/30 

0.851 

70 

CLX2-18 

copper 

LX- 14 

1.027 

72 

BL1-50.2 

copper 

LX- 19 

1.008 

76 

326 

copper 

TNAZ  99.1 

0.846 

74 

327 

copper  | 

LX- 14 

0.968 

76 

328 

copper 

TNAZ  99.1 

0.872 

71 

329 

copper 

TNAZ  98.2 

0.858 

69 

453 

copper 

LX- 14 

0.861 

71 

482 

copper 

LX- 14 

1.016 

65 

473 

copper  | 

LX-14 

0.885 

52 

450 

copper 

LX-14 

0.874 

70 

506 

copper 

LX-14 

0.888 

69 

461 

copper 

|  LX-14 

0.863 

71 

NHC-3-2 

copper 

I  LX-14 

1.065 

85 

4-903 

copper 

LX-14 

0.864 

62 

4-904 

copper 

PAX-12 

0.91 

73 

4-905 

copper 

LX-14 

0.947 

67 

NHC5-1 

copper 

PAX-12 

1.075 

62 

5-031 

copper 

LX-14 

0.984 

68 

4-744 

copper 

PAX-3 

0.861 

69 

4-746 

copper 

PAX-3 

0.725 

64 

RT04-079 

copper 

LX-14 

0.696 

55 

6-566 

copper 

LX-14 

0.872 

54 

NHN2-1 

copper 

PBXN-9 

1.092 

63 

average  Q  66.7 
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Table  3 

Average  Q  values  for  molybdenum  lined  devices 


X-ray  no. 

Liner 

Explosive 

Tip  velocity  (cm/ps) 

Q  II 

M2-T2 

molybdenum 

PAX-2A 

1.162 

52  1 

M2A1-16 

molybdenum 

PAX-2A 

1.163 

46 

MC1-1 

molybdenum 

LX- 14 

1.135 

58 

NHM6-10 

molybdenum 

LX- 14 

1.212 

42 

NHM6-19 

molybdenum 

LX- 14 

1.122 

40 

RT04-077 

molybdenum 

LX- 14 

0.705 

37 

K  charge 

molybdenum 

PBX-N9 

1.105 

56 

average  Q  47  3 


Table  4 

Average  Q  values  for  tungsten  lined  devices 


X-ray  no. 

Liner 

Explosive 

Tip  velocity  (cm/ps) 

Q 

188 

Tungsten 

Octol  70/30 

0.849 

41 

238 

Tungsten 

Octol  70/30 

0.933 

41 

— 

241 

Tungsten 

Octol  70/30 

0.912 

41 

average  Q  41 


Tables  5  through  7  show  the  average  scaled  breakup  times  for  copper,  molybdenum,  and 
tungsten,  respectively.  As  expected,  the  average  yD  for  copper  devices  is  the  highest  among 
the  three  metals  presented  in  this  report.  The  results  showed  that  copper  is  the  most  ductile 
material  among  the  three  metals  presented  here. 

Table  5 

Average  yD  values  for  copper  lined  devices 


X-ray  no. 

Liner 

Explosive 

Tip  velocity 
(cm/ps) 

tb, 

breakup 

D,  charge 
diameter 

tb/D 

215 

Copper 

LX- 14 

0.9 

154 

81 

1.90 

216 

Copper 

LX- 14 

0.903 

150 

81 

1.85 

236 

Copper 

Octol  70/30 

0.85 

155 

81 

1.91 

237 

Copper 

Octol  70/30 

0.852 

149 

81 

1.84 

239 

Copper 

Octol  70/30 

0.858 

184 

81 

2.27 

290 

copper 

Octol  70/30 

0.84 

164 

81 

2.02 

291 

copper 

Octol  70/30 

0.841 

193 

81 

2.38 

292 

copper 

Octol  70/30 

0.849 

165 

81 

2.04 

293 

copper 

TNAZ 

0.887 

165 

81 

2.04 

312 

copper 

Octol  70/30 

0.427 

271 

81 

3.35 

313 

copper 

Octol  70/30 

0.296 

333 

81 

4.11 

315 

copper 

LX- 14 

0.912 

179 

81 

2.21 

316 

copper 

LX- 14 

0.894 

180 

81 

j  2.22 

317 

copper 

LX-14 

0.882 

196 

81 

2.42 

318  j 

copper 

LX- 14 

0.905 

175 

81 

|  2.16 

319 

copper 

Octol  70/30  1  0.851 

184 

81 

2.27 
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Table  5 
(continued) 


X-ray  no. 

Liner 

Explosive 

[" Tip  velocity 

(cm/ps) 

tb, 

breakup 

D,  charge 
diameter 

tb/D 

CLX2-18 

copper 

LX- 14 

1.027 

235 

123 

1.81 

BL 1-502 

copper 

LX- 19 

1.008 

233 

123 

1.79 

326 

copper 

TNAZ  99.1 

0.846 

194 

81 

2.40 

327 

copper 

LX-14 

0.968 

185 

81 

2.28 

328 

copper 

TNAZ  99.1 

0.872 

183 

81 

2.26 

329 

copper 

TNAZ  98.2 

0.858 

175 

81 

2.16 

453 

copper 

LX-14 

0.861 

178 

81 

2.20 

482 

copper 

LX-14 

1.016 

160 

81 

1.98 

473 

copper 

LX-14 

0.885 

138 

81 

1.70 

450 

copper 

LX-14 

0.874 

170 

81 

2.10 

506 

copper 

LX-14 

0.888 

176 

81 

2.17 

461 

copper 

LX-14 

0.863 

183 

81 

2.26 

NHC-3-2 

copper 

LX-14 

1.065 

235 

123 

1.91 

4-903 

copper 

LX-14 

0.864 

162.5 

81 

2.01 

4-904 

copper 

PAX-12 

0.91 

195 

81 

|  2A\ 

4-905 

copper 

LX-14 

0.947 

174 

81 

2.15 

NHC5-1 

copper 

PAX-12 

1.075 

260 

146 

1.78 

5-031 

copper 

LX-14 

0.984 

169 

81 

2.09 

4-744 

copper 

PAX-3 

0.861 

154 

81 

1.90 

4-746 

copper 

PAX-3 

0.725 

159 

81 

1.96 

RT04-079 

copper 

LX-14 

0.696 

248 

109 

2.28 

6-566 

copper 

lx-14 

0.872 

121.1 

81 

1.50 

NHN2-1 

copper 

PBX-N9 

1.092 

276.1 

165 

1.67 

avg  tb/D  2.15 


Table  6 

Average  tb  /D  values  for  molybdenum  lined  devices 


X-ray  no. 

Liner 

Explosive 

Tip  Vel 
(cm/ps) 

tb,  breakup 
time  (ps) 

D,  charge 
diameter  (mm)  | 

tb/D 

90 

molybdenum 

Octol  70/30 

1.145 

87 

73 

1.19 

95 

molybdenum 

Octol  70/30 

1.165 

101 

73 

|  T38 

149 

molybdenum 

Octol  70/30 

1.163 

107 

73 

1.47 

167 

molybdenum 

Octol  70/30 

1.088 

122 

73  | 

r  i.67 

172 

molybdenum 

Octol  70/30 

1.183 

91 

73  | 

I  tSTI 

174 

molybdenum 

Octol  70/30 

1.125 

117 

73 

1.60 

M2-T2 

molybdenum 

PAX-2A 

1.162 

167 

123 

1.36 

M2A1-16 

molybdenum 

PAX-2A 

1.163 

142 

123 

1.15 

MC1-1 

molybdenum 

LX-14 

1.135 

199 

123 

1.62 

NHM6-10 

molybdenum 

LX-14 

1.212 

118 

98 

1.20 

NHM6-19 

molybdenum 

LX-14 

1.122 

108 

98 

1.10 

RT04-077 

molybdenum 

LX-14 

0.705 

166 

109 

1.52 

K  charge 

molybdenum 

PBX-N9 

1.105 

223.5 

165 

1.35 

avg  tt>/D  1 .37 
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Table  7 

Average  tb  /D  values  for  tungsten  lined  devices 


X-ray  no. 

Liner 

Explosive 

Tip  velocity 
(cm/ps) 

tb,  breakup 
time  (ps) 

D,  charge 
diameter  (mm) 

tb/D 

188 

tungsten 

Octol  70/30 

0.849 

114 

81 

1.41 

238 

tungsten 

Octol  70/30 

0.933 

115 

81 

1.42 

241 

tungsten 

Octol  70/30 

0.912 

123 

81 

1.52 

ave  tb  /D  1 .45 


ASSUMPTIONS 

The  density  of  the  particles  is  assumed  to  be  the  same  as  that  of  the  liner.  It  also 
assumes  the  cross  sectional  area  of  a  jet  particle  is  circular.  The  code  takes  into  the  virtual 
origin  assumption  in  which  all  the  jet  mass  particles  are  treated  as  coming  from  one  point  in 
space,  each  with  a  different  velocity. 


COMPARISON  TO  2-D  HYDROCODE 

Figure  1 1  shows  the  graphs  of  the  accumulated  mass  versus  velocity  of  the  shaped 
charge  digitization  code  and  the  2-D  CALE  hydrocode  of  an  81 -mm  shaped  charge  warhead 
(without  wave  shaper,  bare  billet).  The  accumulated  mass  from  the  digitization  showed  that  it 
matched  the  hydrocode  simulation  very  well,  especially  at  the  tip  region  up  to  about  3  km/s. 


ACCUMULATED  MASS  VS  VELOCITY 
3.2"  SHAPED  CHARGE  WARHEAD 


Figure  1 1 

Accumulated  mass  versus  velocity  from  shaped  charge  digitization  code  and  2-D  CALE 

hydrocode 
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CONCLUSION 


Flash  radiograph  shaped  charge  digitization  program  is  a  necessary  tool  for  jet  char¬ 
acterization  of  warhead  performance.  Jet  parameters  are  calculated  and  quantified  and 
subsequently  used  for  penetration  predictions.  The  results  from  the  digitization  reduction  data  is 
also  used  to  check  the  results  from  the  continuum  modeling  and  help  the  optimization  of  the 
model  during  the  warhead  design  of  different  liner  contours,  explosives  and  liner  materials. 


20 


APPENDIX 

OUTPUT  FROM  PROGRAM  NO.  1,  INPUT  TO  PROGRAM  NO.  2 
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AP024600  4830  1 

part  8  =  1 

APO  6771 

AP024624  4875  2 

part  B  =  1 

APO  6771 

AP024652  4951  3 

part  B  =  1 

APO  6771 

AP024712  4982  4 

part  B  =  1 

APO  6771 

AP024812  4983  5 

part  B  =  1 

APO  6771 

AP024825  4874  6 

part  B  =  1 

APO  6771 

AP024792  4823  7 

part  B  =  1 

APO  6771 

AP024730  4752  8 

part  B  =  1 

APO  6771 

AP026050  4922  9 

part  B  =  2 

APO  6771 

AP026109  4888  10 

part  B  =  2 

APO  6771 

AP026143  4857  11 

part  B  =  2 

APO  6771 

AP026187  4789  12 

part  B  =  2 

APO  6771 

AP026 193  4684  13 

part  B  =  2 

APO  6771 

AP026 142  4741  14 

part  B  =  2 

APO  6771 

AP026108  4795  15 

part  B  =  2 

APO  6771 

AP026079  4845  16 

part  B  =  2 

APO  6771 

AP026676  4752  17 

part  B  =  3 

APO  6771 

AP026757  4729  18 

part  B  =  3 

APO  6771 

AP026797  4722  19 

part  B  =  3 

APO  6771 

AP026877  4676  20 

part  B  =  3 

APO  6771 

AP026912  4641  21 

part  B  =  3 

APO  6771 

AP026844  4640  22 

part  B  =  3 

APO  6771 

AP026802  4661  23 

part  B  =  3 

APO  6771 

AP026717  4703  24 

part  B  =  3 

APO  6771 

AP028422  4663  25 

part  B  =  4 

APO  6771 

AP028574  4740  26 

part  B  =  4 

APO  6771 

AP028714  4739  27 

part  B  =  4 

APO  6771 

AP028856  4773  28 

part  B  =  4 

APO  6771 

AP029056  4795  29 

part  B  =  4 

APO  6771 

AP028942  4681  30 

part  B  =  4 

APO  6771 

AP028824  4613  31 

part  B  =  4 

APO  6771 

AP028645  4559  32 

part  B  =  4 

APO  6771 

AP031153  4623  33 

part  B  =  5 

APO  6771 

AP031 226  4751  34 

part  B  =  5 

APO  6771 

AP031395  4849  35 

part  B  =  5 

APO  6771 

AP031551  4809  36 

part  B  =  5 

APO  6771 

AP031680  4724  37 

part  B  =  5 

APO  6771 

AP031 623  4560  38 

part  B  =  5 

APO  6771 

AP031476  4508  39 

part  B  =  5 

APO  6771 

AP031328  4565  40 

part  B  =  5 

APO  6771 

AP034346  4171  41 

part  B  =  6 

APO 6771 

AP034409  4516  42 

part  B  =  6 

APO  6771 

AP034537  4652  43 

part  B  =  6 

APO  6771 

AP034598  4704  44 

part  B  =  6 

APO  6771 

AP034833  4675  45 

part  B  =  6 

APO  6771 

AP034886  4497  46 

part  B  =  6 

APO  6771 

AP034859  4285  47 

part  B  =  6 

APO  6771 

AP034553  4039  48 

part  B  =  6 

APO  6771 

AP036595  4342  49 

part  B  =  7 

APO  6771 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1631AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 63 1AP059408 11501 
1 631 AP0594081 1501 
1631AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1631AP0594081 1501 
1 631 AP0594081 1501 
1 63 1AP059408 11501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1631 AP0594081 1501 
1631 AP0594081 1501 
1 631 AP0594081 1501 
1 631 AP0594081 1501 
1 63 1AP059408 11501 
1 631 AP0594081 1501 
1631 AP0594081 1501 
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AP036829  4599  50 

part  B  = 

AP037010  4557  51 

part  B  = 

AP037201  4485  52 

part  B  = 

AP037532  4373  53 

part  B  = 

AP037262  4242  54 

part  B  = 

AP037022  4177  55 

part  B  = 

AP036818  4229  56 

part  B  = 

AP039323  4624  57 

part  B  = 

AP039506  4546  58 

part  B  = 

AP039573  4460  59 

part  B  = 

AP039630  4363  60 

part  B  = 

AP039662  4237  61 

part  B  = 

AP039519  4268  62 

part  B  = 

AP039437  4341  63 

part  B  = 

AP039345  4428  64 

part  B  = 

AP040043  4067  65 

part  B  = 

AP040186  4213  66 

part  B  = 

AP040346  4278  67 

part  B  = 

AP040442  4358  68 

part  B  = 

AP040620  4395  69 

part  B  = 

AP040572  4214  70 

part  B  = 

AP040376  4248  71 

part  B  = 

AP040269  4149  72 

part  B  = 

AP04 1782  4524  73 

part  B  = 

AP041967  4627  74 

part  B  = 

AP042106  4596  75 

part  B  = 

AP042255  4544  76 

part  B  = 

AP042309  4387  77 

part  B  = 

AP042086  4269  78 

part  B  = 

AP041974  4325  79 

part  B  = 

AP041867  4378  80 

part  B  = 

AP044069  4120  81 

part  B  = 

AP044222  4357  82 

part  B  = 

AP044338  4496  83 

part  B  = 

AP044548  461 1  84 

part  B  = 

AP044717  4594  85 

part  B  = 

AP044725  4406  86 

part  B  = 

AP044600  4290  87 

part  B  = 

AP044295  4167  88 

part  B  = 

AP04701 1  4308  89 

part  B  = 

AP047018  4471  90 

part  B  = 

AP047117  4501  91 

part  B  = 

AP047246  4502  92 

part  B  = 

AP047347  4331  93 

part  B  = 

AP047308  4167  94 

part  B  = 

AP047206  4154  95 

part  B  = 

AP047091  4212  96 

part  B  = 

AP047939  4191  97 

part  B  = 

AP047957  4317  98 

part  B  = 

AP048005  4392  99 

part  B  = 

AP048084  4462  100 

part  B  = 

APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  677 1 1 1 63 1 AP059408 11501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1 631 AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  677 1 1 1 63 1 AP059408 11501 
APO  6771 1 1631 AP0594081 1501 
APO  677111631 AP059408 11501 
APO  6771 1 1631 AP0594081 1501 
APO  677111631 AP059408 11501 
APO  677 1 1 1 63 1 AP059408 11501 
APO  677 1 1 1 63 1 AP059408 11501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  677111 631 AP0594081 1 501 
APO  677111 631 AP0594081 1 501 
APO  677111 631 AP0594081 1 501 
APO  677111 631 AP0594081 1 501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  677111631 AP059408 11501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  677111631 AP059408 11501 
APO  6771 1 1631AP0594081 1501 
APO  677 1 1 1 63 1 AP059408 11501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  677111 631 AP0594081 1 501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  677111 631 AP0594081 1 501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 


7 

7 

7 

7 

7 

7 

7 

8 

8 

8 

8 

8 

8 

8 

8 

9 

9 

9 

9 

9 

9 

9 

9 

10 

10 

10 

10 

10 

10 

10 

10 

11 

11 

11 

11 

11 

11 

11 

11 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 


AP048193  4479  101 

part  B  = 

AP048208  4369  102 

part  B  = 

AP048146  4290  103 

part  B  = 

AP048074  4201  104 

part  B  = 

AP048868  4471  105 

part  B  = 

AP049032  4442  106 

part  B  = 

AP049100  4371  107 

part  B  = 

AP049146  4299  108 

part  B  = 

AP049171  4149  109 

part  B  = 

AP049016  4210  110 

part  B  = 

AP048902  4229  1 1 1 

part  B  = 

AP048848  4296  112 

part  B  = 

AP04981 1  4258  113 

part  B  = 

AP049780  4398  114 

part  B  = 

AP049829  4467  115 

part  B  = 

AP049920  4512  116 

part  B  = 

AP050048  4562  117 

part  B  = 

AP050076  4437  118 

part  B  = 

AP050030  4379  119 

part  B  = 

AP049937  4281  120 

part  B  = 

AP050958  4410  121 

part  B  = 

AP051217  4460  122 

part  B  = 

AP051 360  4390  123 

part  B  = 

AP051 522  4339  124 

part  B  = 

AP051531  4226  125 

part  B  = 

AP051 325  4127  126 

part  B  = 

AP051 196  4194  127 

part  B  = 

AP051102  4263  128 

part  B  = 

AP051966  4423  129 

part  B  = 

AP052067  4494  130 

part  B  = 

AP052253  4564  131 

part  B  = 

AP052360  4481  132 

part  B  = 

AP052404  4313  133 

part  B  = 

AP052232  4235  134 

part  B  = 

AP052141  4297  135 

part  B  = 

AP052057  4346  136 

part  B  = 

AP053954  4267  137 

part  B  = 

AP054097  4417  138 

part  B  = 

AP054236  4402  139 

part  B  = 

AP054453  4388  140 

part  B  = 

AP054535  4294  141 

part  B  = 

AP054479  4143  142 

part  B  = 

AP054314  4137  143 

part  B  = 

AP054099  4180  144 

part  B  = 

AP055850  4294  145 

part  B  = 

AP056044  4438  146 

part  B  = 

AP056232  4433  147 

part  B  = 

AP056424  4373  148 

part  B  = 

AP056474  4185  149 

part  B  = 

AP056253  4228  150 

partB  = 

APO  6771 1 1631 AP059408 11501 
APO  6771 1 1631 AP0594081 1601 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1 501 
APO  677111631 AP059408 11501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631AP0S94081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  677 1 1 1 63 1 AP059408 1 1 50 1 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  677111631 AP0594081 1 50 1 
APO  6771 1 1631 AP0594081 1501 
APO  677 1 1 1 63 1 AP059408 11501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  677 1 1 1 63 1 AP059408 11501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1 631 AP0594081 1 501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  677111631 AP059408 11501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 
APO  6771 1 1631 AP0594081 1501 


13 

13 

13 

13 

14 

14 

14 

14 

14 

14 

14 

14 

15 

15 

15 

15 

15 

15 

15 

15 

16 

16 

16 

16 

16 

16 

16 

16 

17 

17 

17 

17 

17 

17 

17 

17 

18 

18 

18 

18 

18 

18 

18 

18 

19 

19 

19 

19 

19 

19 


AP056152  4292  151 
AP056075  4235  152 
AP057997  4088  153 
AP058078  4267  154 
AP058216  4350  155 
AP058338  4427  156 
AP058520  4470  157 
AP058392  4313  158 
AP058276  4196  159 
AP058166  4079  160 
AP059398  4180  161 
AP059439  4321  162 
AP059592  4345  163 
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APO  9481  4441  189 
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APO  9383  4168  192 
AP010323  4347  193 
AP010505  4363  194 
AP010603  4325  195 
AP0 10706  4266  196 
AP01 0765  4122  197 
AP010557  4093  198 
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part  C  = 

AP057982  8096  247 

part  C  = 

AP057847  8109  248 

part  C  = 

AP058943  8164  249 

part  C  = 

AP059142  8282  250 

part  C  = 

AP059367  8307  251 

part  C  = 

AP059551  8309  252 

part  C  = 

AP059783  8254  253 

part  C  = 

AP059597  8145  254 

part  C  = 

AP05941 1  8112  255 

part  C  = 

AP059229  8103  256 

part  C  = 

APO  8162  8167  257 

part  C  = 

APO  8336  8245  258 

part  C  = 

APO  8486  8243  259 

part  C  = 

APO  8656  8186  260 

part  C  = 

APO  8836  8130  261 

part  C  = 

APO  8655  8068  262 

part  C  = 

APO  8473  8062  263 

part  C  = 

APO  8337  8094  264 

part  C  = 

AP0 10769  8074  265 

part  C  = 

AP011251  8164  266 

part  C  = 

AP01 1640  8167  267 

part  C  = 

AP012108  8144  268 

part  C  = 

AP012557  8035  269 

part  C  = 

AP012108  7964  270 

part  C  = 

AP011695  7964  271 

part  C  = 

AP0 11224  7988  272 

part  C  = 

AP015140  7975  273 

part  C  = 

AP0 15460  8043  274 

part  C  = 

AP015717  8034  275 

part  C  = 

AP015917  8018  276 

part  C  = 

AP0 162 18  8028  277 

part  C  = 

AP0 15981  7859  278 

part  C  = 

AP0 15700  7859  279 

part  C  = 

AP0 15492  7871  280 

part  C  = 

AP0 18021  7886  281 

part  C  = 

AP0 18406  7979  282 

part  C  = 

AP018658  7950  283 

part  C  = 

AP01 8934  7889  284 

part  C  = 

AP019187  7849  285 

part  C  = 

AP018953  7752  286 

part  C  = 

AP018633  7751  287 

part  C  = 

AP0 18406  7774  288 

part  C  = 

AP020451  7890  289 

part  C  = 

AP020783  7968  290 

part  C  = 

APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67631 1602AP0593801 1483 
APO  67951 141 5AP0552581 1 545 
APO  6795 1141 5AP055258 1 1 545 
APO  6795 1141 5AP055258 1 1 545 
APO  6795 1 1 4 1 5AP0552 58 1 1 545 
APO  6795 1141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1545 
APO  6795 1141 5AP055258 11545 
APO  67951 141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1 545 
APO  67951 1415AP0552581 1545 
APO  6795 1141 5AP0552581 1 545 
APO  67951 1415AP0552581 1545 
APO  6795 1141 5AP055258 11545 
APO  67951 141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1545 
APO  6795 1 1 4 1 5AP055258 1 1 545 
APO  67951 1 4 1 5AP055258 11545 
APO  67951 1 4 1 5AP0552581 1 545 
APO  67951 1 4 1 5AP055258 11545 
APO  67951 1 41 5AP0552581 1545 
APO  67951 1 4 1 5AP055258 11545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 1415AP0552581 1545 
APO  67951 1415AP0552581 1545 
APO  6795 1141 5AP055258 1 1 545 
APO  67951 141 5AP0552581 1545 
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AP020979  7935  291 

part  C  = 

AP021168  7899  292 

part  C  = 

AP021333  7785  293 

part  C  = 

AP021063  7728  294 

part  C  = 

AP020903  7719  295 

part  C  = 

AP020744  7765  296 

part  C  = 

AP023407  7800  297 

part  C  = 

AP023759  7826  298 

part  C  = 

AP024008  7792  299 

part  C  = 

AP024242  7758  300 

part  C  = 

AP024401  7659  301 

part  C  = 

AP024212  7572  302 

part  C  = 

AP023976  7619  303 

part  C  = 

AP023749  7658  304 

part  C  = 

AP02551 0  7896  305 

part  C  = 

AP025772  7885  306 

part  C  = 

AP025966  7828  307 

part  C  = 

AP026108  7750  308 

part  C  = 

AP026325  7578  309 

part  C  = 

AP026087  7546  310 

part  C  = 

AP025914  7572  311 

part  C  = 

AP025740  7644  312 

part  C  = 

AP028373  7639  313 

part  C  = 

AP028748  7740  314 

part  C  = 

AP029045  7754  315 

part  C  = 

AP029329  7748  316 

part  C  = 

AP029639  7669  317 

part  C  = 

AP029443  7564  318 

part  C  = 

AP029194  7559  319 

part  C  = 

AP028878  7569  320 

part  C  = 

AP029881  7629  321 

part  C  = 

AP030223  7703  322 

part  C  = 

AP030572  7720  323 

part  C  = 

AP030888  7736  324 

part  C  = 

AP031156  7647  325 

part  C  = 

AP030898  7551  326 

part  C  = 

AP030567  7558  327 

part  C  = 

AP030292  7542  328 

part  C  = 

AP032484  7541  329 

part  C  = 

AP032741  7665  330 

part  C  = 

AP032953  7688  331 

part  C  = 

AP033123  7654  332 

part  C  = 

AP033339  7562  333 

part  C  = 

AP033177  7441  334 

part  C  = 

AP032997  7410  335 

part  C  = 

AP032819  7445  336 

part  C  = 

AP034387  7627  337 

part  C  = 

AP034601  7596  338 

partC  = 

AP034676  7532  339 

part  C  = 

AP034795  7424  340 

part  C  = 

APO  67951 1 4 1 5AP0552581 1 545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 1 4 1 5AP055258 11545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 1415AP0552581 1545 
APO  67951 1 4 1 5AP055258 11545 
APO  6795 1141 5AP0552581 1 545 
APO  67951 1 4 1 5AP0552581 1 545 
APO  67951 141 5AP0552581 1545 
APO  67951 1 41 5AP0552581 1 545 
APO  67951 1 41 5AP0552581 1 545 
APO  6795 1141 5AP055258 11545 
APO  6795 1141 5AP055258 11545 
APO  6795 1141 5AP055258 1 1 545 
APO  6795 1141 5AP055258 11545 
APO  6795 1 1 4 1 5AP055258 11545 
APO  67951 141 5AP055258 11545 
APO  67951 141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 1 4 1 5AP0552581 1 545 
APO  67951 1 4 1 5AP0552581 1 545 
APO  67951 1 4 1 5AP0552581 1 545 
APO  6795 1141 5AP0552581 1 545 
APO  67951 1415AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 1 41 5AP0552581 1 545 
APO  67951 1 4 1 5AP055258 11545 
APO  67951 141 5AP0552581 1 545 
APO  67951 1 4 1 5AP055258 11545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1 545 
APO  67951 1 4 1 5AP0552581 1 545 
APO  67951 141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1 545 
APO  67951 1 4 1 5AP0552581 1 545 
APO  6795 1141 5AP055258 11545 
APO  67951 141 5AP0552581 1 545 
APO  6795 1141 5AP055258 11545 
APO  6795 1141 5AP055258 11545 
APO  6795 1141 5AP055258 11545 
APO  67951 1 4 1 5AP055258 11545 
APO  6795 1141 5AP055258 11545 
APO  67951 1 4 1 5AP055258 11545 
APO  6795 1 1 4 1 5 AP055258 11545 
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AP034831  7317  341 

part  C  = 

AP034683  7303  342 

part  C  = 

AP034556  7381  343 

part  C  = 

AP034459  7469  344 

part  C  = 

AP035652  7448  345 

part  C  = 

AP035996  7520  346 

part  C  = 

AP036238  7496  347 

part  C  = 

AP036432  7477  348 

part  C  = 

AP036725  7319  349 

part  C  = 

AP036508  7224  350 

part  C  = 

AP036304  7238  351 

part  C  = 

AP036052  7305  352 

part  C  = 

AP037196  7347  353 

part  C  = 

AP037326  7422  354 

part  C  = 

AP037541  7413  355 

part  C  = 

AP037670  7382  356 

part  C  = 

AP037858  7257  357 

part  C  = 

AP037720  7176  358 

part  C  = 

AP037571  7160  359 

part  C  = 

AP037443  7191  360 

part  C  = 

AP038955  7301  361 

part  C  = 

AP039195  7326  362 

part  C  = 

AP039278  7293  363 

part  C  = 

AP039405  7246  364 

part  C  = 

AP039586  7101  365 

part  C  = 

AP039442  7064  366 

part  C  = 

AP039302  7103  367 

part  C  = 

AP0391 19  7164  368 

part  C  = 

AP040 105  7175  369 

part  C  = 

AP040405  7239  370 

part  C  = 

AP040635  7248  371 

part  C  = 

AP040850  7212  372 

part  C  = 

AP041079  7069  373 

part  C  = 

AP040931  6967  374 

part  C  = 

AP040695  6983  375 

part  C  = 

AP040455  7044  376 

part  C  = 

AP042553  7085  377 

part  C  = 

AP043032  7274  378 

part  C  = 

AP043326  7257  379 

part  C  = 

AP043773  7161  380 

part  C  = 

AP0441 12  6957  381 

part  C  = 

AP043719  6858  382 

part  C  = 

AP043384  6886  383 

part  C  = 

AP042918  6926  384 

part  C  = 

AP044448  7051  385 

part  C  = 

AP044515  7095  386 

part  C  = 

AP044560  7102  387 

part  C  = 

AP044628  7104  388 

part  C  = 

AP044723  7080  389 

part  C  = 

AP044674  7033  390 

part  C  = 

APO  67951 1 4 1 5AP0552581 1 545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 1 4 1 5AP055258 11545 
APO  67951 1 41 5AP0552581 1 545 
APO  67951 1 41 5AP0552581 1 545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 1 4 1 5AP055258 11545 
APO  67951 1 41 5AP0552581 1 545 
APO  67951 1 4 1 5AP0552581 1 545 
APO  67951 1 4 1 5AP0552581 1 545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 1415AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951141 5AP055258 1 1 545 
APO  67951 141 5AP0552581 1545 
APO  67951 1 4 1 5AP0552581 1 545 
APO  67951 1 4 1 5AP0552581 1 545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 1 4 1 5AP055258 11545 
APO  67951 1 4 1 5AP055258 1 1 545 
APO  67951 141 5AP0552581 1545 
APO  67951 1415AP0552581 1545 
APO  6795 1141 5AP055258 1 1 545 
APO  67951 1 4 1 5AP0552581 1 545 
APO  6795 1141 5AP055258 1 1 545 
APO  6795 1 1 4 1 5AP055258 1 1 54 5 
APO  67951 1415AP0552581 1545 
APO  67951 1 4 1 5AP0552581 1 545 
APO  67951 1415AP0552581 1545 
APO  6795 1 1 4 1 5AP055258 11545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 1 4 1 5AP0552581 1 545 
APO  67951 1 4 1 5AP055258 1 1 545 
APO  6795 1141 5AP055258 1 1 545 
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AP044629  7020  391 

partC  = 

AP044553  7032  392 

part  C  = 

AP0471 19  6709  393 

part  C  = 

AP047732  6842  394 

part  C  = 

AP048512  6825  395 

part  C  = 

AP049383  6960  396 

part  C  = 

AP049893  6814  397 

part  C  = 

AP049402  6531  398 

part  C  = 

AP048858  6456  399 

partC  = 

AP048160  6572  400 

part  C  = 

AP020864  4814  1 

part  A  = 

APO  897116986  2 

part  A  = 

APO  67951 141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1 545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 141 5AP0552581 1545 
APO  67951 1 41 5AP0552581 1 545 
APO  67951 141 5AP0552581 1545 
APO  67951 1 41 5AP0552581 1 545 

APO  67951 1 41 5AP0552581 1 545 
APO  67951 1 41 5AP0552581 1 545 
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